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The purpcse of this prozram was to study the feasibility and develop a

technique for using several modes in a rectangular horn to accomplish primary

o

pattern shaping and menopulse capa

ility for use as a high performance Casse-

rty

arain feed. Such a technique was formulated, a design procedure established,

and a unit was rabricated and tested. This f2ed provides monopulse tracking
in two planes, Jual circular peiari-ation capability, and less than 1 Keolvin
noise contribution from interchannel coupling in the monopulse bridge. A dis-

cussion of the theory, design, and experimental results of this unit follow.

Theorv or Operation

T

The multimode monopulse horn utilizes the basic TEIO mode to provide a

12° TMIQ and TE3O modes

are used Lo obtain sidelobe suppression, The field configurations of these
P g

referencs channel radiation pattern. In addition, the TE

modes are shown in Figure la. The radiation patterns of these modes in the E

and li-planes are shown in Figure 2. Th
i 5

)

. resultant radiation pattarns in the

w0 planes indicating sidelebe suppression are also shown.

Monopulse capability is achieved in the same horn by using the TEll and
TMll modes to form the E-~plane difiercence pattern and the TEZO mode ior the

H-plane difference pattern. Field configurations of the differcnce modes are
shown in Figure lb. Also, the theeretical radiation patterns are shown in

Figura 3.
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Figure 3 Difference Radiation Patterns
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To result in the desired vattorns, the relative phase and amplitude of
these modes must be controlied, which is one major design problem. This problem
vas the main topic of investigation in this study. The second preoblern is the
excitation of the basic modes tryom the monopulse circuityy and matching these
modes into the multimode horni. This has been accomplished experimentally for

the sum modes, and over 4 viry limited band for the difference pattern modes,

Mode Generation and {ontrol

A cross scction of the multimode horu is chown in Figure 4. The wonopulsc
bridge recdiag the common apecture section is a standard four guide monopulse cire
citit providing dual polarizaticn capability, see Figure 5, The excitation of the
multimode section by the tour guides is shown in Figure 6., Also, the resulting
modes in the multimode matchiing section ave shoun,

The matching section provides a match for all.modes shown in Figure 6 from
the bridge input to the nmltimode horn., A detail cf this section is shown in
Fipure 7. Along with the busic medes desived, additional higher order modes are
excited to meet the boundary conditions. These modes are below cutofi in the
matching section, thus causing a large reactive mismatch which must be compensated
isr by the matching sectiou.

The diffcrence mode phasing section is required to ensure the proper phasing
between the ‘I‘Eg_0 and the composite TEll and TM11 mode to provide a circularly
polarized difference pattern, This is unecessary because of the differance in
fropagation veloucity betwzea the wodes through the length of the hown. The lengih
of this sccetion is chosen to provwid: tin sdditsonal Jifferential phise shif:
baiween the modes to result in the corvect pleo. relavionship at the aperture,

The gumn mode oxcitat

ation and centro

and i mOsE Ciriifical purilon of
the horm. The step betveon ragion € and D i3 chosen such that ia addition to the
TEIO mode, the TE}Z and THlZ and '1'13‘.3(j modes ave excited fvom the incident TEIO mod
with the correct amplitude., The ficld ronfigurations of these modes ware shown in
Figure 1, The width "a", oi the sum mnde control section must be large enough to
support all modes up to the TEBO mode, It should suppresgs all higher modes excited

by the TEII’ ™., and TE incident modes., It is possible to suppress the TE and

11 20 13

i




oy

]

aanjaady
Suyrjerpey

UOY308§ S501) paoi opowrI[m]

uoy¥3oog Jurs
uo013199¢ 10ajuon) pue SPON 2dusIsy
UuoIIeITOXY Opol wWng

[ —
/Il.
/

|
4

_
|
"

- w0y

Tt

t aandyg

uoy3oag

Suyysjey

apowtT3 K

H .

anduy 28pyag

Tud \ opPIN9 anoy
J1a—y r

AN

!

L | )
/

£131n2171)
a8pyag

asindouoyn

R

L

g3ndang
9du219331Q ¥ Wng




®
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(a) Excitation Field in Four Guide Section
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(b) Propagating Modes Excited in Multimode Matching Section

Figure 6 Mode Excitation of Multimode Feed by Monopulse Bridge
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TM13 modes which are excited by the iacident Tgll and TMII in modes. However,
the TE and TM22 modes excited by the incident TE mode crossing the step have
lover cutoff frequencies than the TE

[
o

20

30 mode and must be allowed to propagate. The

effect of this mode combinatvion is to affect the radiation pattern magnitude of
the TEZO mode which in tum afiects the difference pattern axial ratio. Therefore,
when phasing the difference modes, the aftect of the TE22 and TM22 modes must be

p

cperimentally at the

12 prasent time,

The length of the sum mode control section must be chosen to provide the

10° TE}O’ 'I‘El2 and TMlZ modes at the aperture., As three

separate propagation velocities are involved, there is a unigque length which must

correct phasing of the TE
be determined for a given "a'" dimension of the control section, This length is
also a function of the aperture size "A" and the horn flare angle.

The design of the horn section requires consideration of both the aperture
phase error and phasing between the sum pattern modes. The flare angle should be
such that the phase crror across the aperture is not excessive. However, the
cheice of the flare angle determines the required horn length for a given aperture
and given "a' dimension of control section. Since the phasing between the modes

is a function of length, i.e.,

L
o, ( - &5 )d~
- 1 2
0
where o is differential phase shirt between modes
9 and o dre the propagation constants of modes 1 and

the flare angle must be chosen carefuliv to easure the correct phasing of all the

mo.des at the aperture.

During the study somae investipation was

the excitation coetricients

[
C
rt

from these coefficients,

[

m

/2]

nac
at the steps, and prediction of the resulting patt
Results of this vork has appeared in the monthly reports, However, it was not
possible to obtain satisfactory correlation of cxperimental and theoretical results.
This may be due to several factors; however, one large factor appears to be the

inability to accurately predict the mode phasing. Although a relatively small
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(less than 207) phasc crrcr between the modes may not appreciably affect the
sidelobe cancellation, it does afiect the required amplitude of the various
modas, This was found to be the case in some simple experiments run at the end
of the program. Sufficient results are not available to more specifically
determine the design procedure at this time, thus a portion of the design remains
experimental as was mentioned previously. It appears that carcfully controlled
experiments must be performed to accurately determine the effect of steps on mode

phasing.



Multimode Hora Design Procedure

The basic multimode geometry is shown in Figure §. The basic consideration in

TElZ’ TM12 and TE modes at the aperture.

this design is the phasing of the TEIO’ 30

This is accomplished by the mode control section "D" as follows.

Four Guide

r‘ Bridge Input Horm

! (;ZMatchlng Section - Sum Mode >
\ ¢~ Diff. Mode Excit. &

/ \ __Cemtrol Sect. r

Figure §

Multimode Horn Geometry

The height "a'" and the length ”ls” of the control section (D) is chosen such

that the TEIO TE30, TE12 and TM12, excited in phase at the junction of section (C)

and section (D) are again in phase at the aperture. This requires

mm = Crpm o) g * Fheeag M

2om w7 ) gt Al 2
where

u¢10_30= phase between the TE10 and TE3O after passing thru the hom

¥,5-1,® Phase vetween the 1t and Ik,, arfter passing thru the norn

The quantity 20 is given by the expression

10-12
L
M - a {; - by ,:} I/,
10-12 /{ Ldﬂ(j) i, (Blag

0



where

?lo(p) s preopagation constant of the TEl mode in the horm as a

0

function of " ', etc.

This expression may also be written in terms of the guide size,

- A -
910-12 =/ [A‘w (@ -, )] da
a

solving this integral yields the expression

] tan8 z — A[— ‘s - * - afﬂ_ . - ;
@012 = T P‘glO(A) {glz(A)J t‘«glo(a) rgyp(a)

»

(1 -1 -1

+ ") %zT—isin = ——= =~ sin ;——-——-{]
§ Py 810 (8) 8,0

+ L rsin-l —— sin-l -—JL———i

where: 7——57—7 is the ratic {; for the TE,, mode evaluated at "A", etc,
:glo \A, 1524 10
P = the mode cutoff coefficient, kc = Pa; Pyg = 2, etc.

This expression must be evaluated for values of AGIO-IZ for the particular horn
being designed. The similar expression for ¢¢10_30 must also be evaluated. Detailed
calculations may be made to provide design data for typical horn apertures, and as
the expression obtained is @ tan 8, the data is valid for horns of any flare angle.
For the lower limit on the integral, the dimension of the mode control section "a'"
must be known, or at least limits on this dimension must be known to provide design
data., These limits are set by the requirements

(1) = >a .y i.eo, the TE3O mode must be able to propagate

{2) a< a Lhe TE13 aud '1"13 modes, wnich would be exciied by the

13

'I‘E11 and TMll modes crossing the discontinuity between

sections “C'" and "D'" must not be allowed to propagate.

This allows limits to be placed cn "a', that 1is!

a a
€30 a ¢l
< < X
or 1.5g $<1.59
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Graphs #1 and #2 are plots of the function ;G10_30 _—
tta e

- o . a
various values of aperture —— and at the limits of =,
To determine the additional phase shift resulting in the mode control section

it is also necessary to know the difiarential propagation constants in this section

“710-30 ¥ 10 T 30

8819.12 7 "10 © P12

and the phase between modes in this section is given by

@ = (5, = = )1 = Lz etc.,
10-30 10 304 s 10-30[5
P 22 -
The quantities £%10-10 and 851 are plotted in Graphs #4 and #5.
The ratio 7229:29 is formed:
“r10-12
““10-30 — - Hioog
fite - 2n - ) )
"10-12 10-12

. - . , a . .
When each side of equation (3) is plotted versus — , the intersection of these two

: . a . . - .
curves determines the value cif i to result in correct phasing of all sum modes simul-
taneously. However, before plotting the right hand side of Eyuation (3), values of

m and n must be found to insure a solution. This can be accomplished since

:%lglég has an upper and lower limit determined by the value of % large enough to

S 710-12

propazate the TEBO mode and smail enough to cut off the TE13 mode. Setting the right
hand side of equation (3) first equal to the upper limit and then the lower limit,
regions of acceptable ;¢10_30 and ;010_12 are obtained for any given m and n. Alter-
nately, for any given “¢1o-3o and A°1o-12)m and n can be chosen to insure a solution.

The latter procedure is used in the design since both ;G10_30 aina AalO-lZ GTE Bi0WiYy
varying functions of %. Graph #5 is a plot of the acceptable region of A¢10-30 and
;Glo_lz. Values of m and n are given by the integer values of m and n at the apex

of the triangular region which includes the point &010-30’ 1“10-12 for the particular

horn being designed.
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Evxperimental Results

The various characteristics of the multimode horn were measured and results
have been previously reported during succceding stages of the design. A summary
of the periormance of this feed (see Figure 9) is outlined below,

Table 1 shows the isolation of the developmental fe~d unit, The VSWR of
this feed over the frequency bands of 2113 *5 Mc and 2295 *5 Mc is tabulated in
Table II., Comprehensive amplitude and phase patterns have appeared in previous
reports, and extensive patterns will be provided on the production feed units
under JPL Contract 950678. For this reason only representative patterns are
included in the Appendix. Results of phase center measurements indicate the
best center of phase for the horn is &' behind the aperture and phase patterns
included in the Appendix are taken at this point.

Boresight roll error characteristics of the fesd are tabulated in Table III,
The null plane orthogonality measured appears in Table IV. Axial Ratio of the

Sum and Difference Channel appear in Table V.
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Table II

SCM Feed VSWR vs Frequency

Freq. (mc) N NVL NH: 0z ovhL OHL
!
2108 1.04 | 1.04
2112 1,05 ! 1.03
2113 1.05 5 1.02
2114 1.05 ; 1.02
2118 1.05 1.05
—— -
2290 1.05 1.90 1.85 1.05 2.0 1.90
2293 1.30 1.31 1.04 1.36 1.30
2294 1.04 1.14 1.14 1.04 1.13 1.15
‘ 2295 1.05 1.02 1.04 1.03 1.02 1.03
2296 1.05 1.13 1.11 1.03 1.10 1.12
2297 1.32 1.29 1.03 1.34 1.33
| 2300 1.05 1.85 1.80 1.04 2.0 2.0
Table III

Boresight Movement vs Incident Linear Polarization

;RCP Channel
ICP Chamnel

Hour Angle

Q

~ O
0,02

g

1

!

! _
i G.12
s

J I

Declination

0.15°

0.08°

LAY




Table

28 -

v

DSIF=-SCH T Noizo Teed

Null Flane Qrthogonailcy

Angle Between
e Null Plane
RCP Error Channels 890
ICP Error Channel 89o
Table V
DSIF-SCM Low Noise Feed
Axial Ratio
E = 2295 Mc ‘1 Axial Ratio
N ‘ 0.1 db
NVa 0.9
NHa . i o LG
02 i 0.3
ovi 1.1
OHL 1.4
f = 2113 Mc
NI 1.2
0. i 1.3




Additional Study

Several modiiications oi the basic multimode feed were investigated during
the course of this progjram. One of the main limitations on the basic design is

r

e
o

that it provides sidalobe calcellation at uniy one quency,  Two techniques to
provide dual {requency pattern control were investigated., Thesce are:

1. Scparation of nmodes

2, Elimination of the constriction in the multimode matching secticn,

Several possible methods of separating the modes are possible, but most
techniques require a precise knowledge of the mode excitation coeificients and an
accurate prediction of relative phasing. Since these problems were not satisfac-
torily solved, this technique is impractical at the present. A further discussion
of this topic appears in the monthly progress reports,

The second technique, elimination of the matching constriction, appears to
have some practical application. An X-band experimental model was fabricated
which provided duval {requency mede control and phased all the modes in one section,
thus eliminating the constriction. Results of this experiment, reported in the
November progress report, were only partially conclusive, The technique does
appear to work; however, the X-band circular polarizer used was not good enough to
provide satisfactory results, A further program to investigate this technique
applied to the S-band SCM feed would be worth while,

As was wentioned, some theorcetical calculation of the mode excitation
coefficients and prediction of radiation patterns was also attempted. While
correlation of theoretical with experimental results was not completely accomplished,
a basis was made for {uture erperimental work in determination of the actual
excitation coefficients and phase control,

The problem of ratching the modes inte the nultimode horn was briefly treated

in the November report also. t may be possible to improve tho overall matching

e

problem by a different cheice of geometry at the junction of the rour guides and the
multimode guide. This, houvever, requires an experimental program to investigate the

various possible configurations,



APIENDIX A

SCM SUPPRESSED SIDELOBE FEED

DEVELOPMENTAL UNIT

Atbreviations on Patterns

FS - 1ull scale
130 = normal sum

0’0 = orthegonal sum
0HD = orthogonal horizontal difference, etc.
CR = center of rotation behind aperture (inches)

HCO or HC horiczontal cut orientation

VCO oy VO = vertical cut oricntation
RC =z right circular polarication, etc,
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